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Abstract 
The thesis describes the LNA design for the European UWB regulations for 6.0-8.5 GHz. The design of 

low-noise amplifier is a critical step while designing the front-end of the receiver architecture. This work 

covers the design and simulation of the LNA using the PHEMT transistor ATF-36163. The thesis 

includes the bias network design, stability analysis, matching network design and layout design of the 

LNA RF module with layout simulation.  The electronic design automation tool, Advance Design System 

(ADS) is used. After implementation of LNA on a printed circuit board (PCB), the LNA is measured with 

the help of the vector network analyzer. The simulated noise figure is 1.096 dB and simulated power gain 

is 9.01 dB at 7.5 GHz and power gain of simulated layout component is 6.5 dB. The measured power 

gain is 2.36 dB. 
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Chapter 1 Introduction 
The degree project and master thesis have been done as a continuation of a research project at Linköping 

University of Technology at the Department of Science and Technology. In the thesis work, the low-noise 

amplifier (LNA) is implemented as a RF module.. This Chapter describes the background, purpose, goal 

and scope of the thesis work in the proceeding sections. 

1.1 Background 
In ultra-wideband (UWB) technology, there is increase in demand of high data rates which makes it 

necessary to improve the technology accordingly. The multi-GHz bandwidth performance for front end 

RF-module has been a challenging task but UWB as a technology has proved its potential for further 

research. Accurate design approaches need to be used to address design problems, like matching over a 

specified bandwidth, noise figure and power gain performance. 

 Complex design tools have to be used to complete and help the designers‟ skills. The design tools are 

enhanced in such a way that the designers can perform simulation with more accurate and precise results. 

Such an electronic design tool is Advanced Design Systems (ADS), developed by Agilent Technologies, 

which is used to perform all the simulations in this work.  

The design of 7-8 GHz LNA requires both theoretical understanding of modern RF transistor and the 

flexible and creative approach supported by electronic design automation tool (EDA). Previously there 

was project done on UWB transceiver at LiU. UWB LNA is an interesting part of RF electronics design 

and new communication technology, due to which we selected to work on it. 

1.2 Purpose 
The purpose of the project is to implement the UWB LNA as an RF functional module with measured 

LNA parameters as-close-as possible to the simulation results. The EDA tool Advance Design System 

from Agilent Technologies was used to conduct the design process of UWB LNA. 

1.3 Goals 
 The goals of UWB LNA are: 

 7-8 GHz frequency band 

 Close-to-minimum noise figure 

 Possible flat power gain 

 Low-power consumption. 



1.4 Task 
The major task of the thesis is to design 7-8 GHz LNA with the help of ADS. The learning of different 

concepts for designing circuits is desired in the start of the thesis. The learning sources are books, 

scientific journals, internet and the useful discussions with the thesis supervisor. Then the step by step 

process of experimenting and learning by solving small problems using the ADS will follow. The actual 

design process involves steps like active/passive components selection, simulation techniques, matching 

networks methods, layout generation and the manufacturing of LNA on the PCB level. 

We have done similar projects at Linköping University of Technology before and are familiar with the 

available technology and methods, due to which the dependency of guidance during the work will 

decrease. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 2 Theoretical Background 

In this chapter, we have discussed ultra-wideband technology in brief including its regulations and 
applications. The biasing of the transistor, the type of bias networks, stability analysis, impedance 
matching for wideband and narrow band, parasitic issues involved in design of LNA and what type of 
transistor is used are discussed one by one.  

2.1 Ultra-Wideband Technology 
The wireless broadband communication is increasingly in demand because of its support for more number 

of users and higher data rates. UWB technology can transmit data at very higher data rate consuming very 

low power over shorter distances. This technology has grown as very common area of interest having a 

potential for a large number of applications in wireless communication [1]. 

UWB is a new as well as an old field of research. Hertz was the first one to generate sparks through 

experiments and radiated them via wideband loaded dipoles. The easiest waveforms to generate were the 

ultra-wideband pulses at that time. As the time passed; the emphasis shifted to narrow band carrier based 

systems which were easier to multiplex with the technology at that time. In 1990, the improvements in 

digital signal processing through investigation and invention of impulse radio revived the interest for 

UWB [1]. 

UWB signals are defined as the signals that have a large relative bandwidth or large absolute bandwidth. 

The large bandwidth comes with number of advantages i.e. precise ranging, obstacle penetration, 

resistance to jamming, robustness to propagation fading, covert operation and foremost the coexistence 

with the other narrowband signals. On the far side, generating, receiving and processing of the UWB 

signals always comes with the new challenges that lead to new research in generation, transmission , 

propagation and system engineering of UWB signals  [1]. 

UWB; the wideband technology must exit along with the narrowband signal (GPS, UMTS, TV etc) and 

there must not be any intolerance for the other signals. So the radiated power by UWB is limited because 

of regulatory considerations therefore. The federal communication commission (FCC) of USA defines a 

UWB device as any device that has a power level of -10 dB that is occupying greater than  20% or at least 

500 MHz of the of the spectrum.. Most of the narrowband systems occupy less than 10% of the center 

frequency and can transmit at a higher power level [2]. 

The bandwidth of the UWB is defined as frequency band that is bounded by points that are 10 dB below 

the highest radiated emission based upon the complete transmission including the antenna. We denote the 

upper boundary by fH, lower boundary by fL and the designated bandwidth by fM.. The center frequency 

can be defined as fC =  (fH   + fL) /2. The fractional bandwidth can be defined by this; 2 (fH   - fL) / (fH   + fL)  



 

Table 2-1 FCC limits for indoor and handheld systems 

Frequency (MHz)  Indoor EIRP (dBm)  Handheld EIRP (dBm)  

960 -1.610  -75.3  -75.3  

1.610 -1.990  -53.3  -63.3  

990 -3.100  -51.3  -61.3  

3.100 -10.600  -41.3  -41.3  

Above 10.600  -51.3  -61.3  

 

2.1.1 UWB Regulations 
The frequency band below 1 GHz would be deployed for UWB device within USA. While the frequency 

band from 2.4 GHz to 3.1 GHz would be used for UWB devices worldwide. The frequency band from 3.1 

GHz to 10.6 GHz would be used for short range communication devices [3] .  

 

Figure 2-1 Proposed frequencies Band for UWB radio communication devices [3] 

 

 

In Figure 2-2, future application of UWB networks are shown. 



 

Figure 2-2 Role of UWB in Future Communication Systems [3] 

 

2.1.2 Applications  
The unique characteristics of UWB make it to emerge in a variety of application areas [1] :  

I. Short range communication less than 10m with a higher data rate up to 500 Mbps; for 

example wireless USB-like communications among different computer components and 

communication between different entertainment systems. 

II.  Sensor networks: where low data rate communication is involved along with precise 

range and geographical location. 

III.  Radar systems; where extremely high spatial resolution and obstacles penetration is 

desired. 

2.2 Transistor Biasing  
Biasing of the transistor can be divided into two steps; first is the selection of the quiescent (operation ) 

point for which the amplifier‟s  performance is optimized in terms of   power gain, stability and noise 

figure.. Second is the biasing network design. These two steps are significant for the operation of the 

amplifier. The bias selection for FET/HEMT (Vds Vgs, Ids ) depends on the application. Higher values of 

Vds and Ids are needed for higher power applications. Generally the value of maximum Vds is fixed for 

most of the transistor. The manufactures recommendations are followed while selecting the drain voltage. 

The selection of Vgs is made upon the class of operation, gain and PAE requirements [4]. 

There are two types of the biasing network; active bias network and passive bias network (also called 

self-biased). The passive network is resistive network that can provide suitable voltages and currents for 



the RF transistor. These networks are not temperature stable and are very sensitive to changes in transistor 

parameters as well. Then the active biasing networks are employed to compensate for this weakness [5].  

2.3 Types of Biasing Networks 
Before go into the design of the bias network, we have to study the different types of the bias network that 

are used in the current research of RF circuit designing. So here we will discuss few types of the biasing 

networks. There are three types of bias network; active biasing networks, passive biasing networks and 

self-biasing networks. 

2.3.1 Active Biasing Networks 
When large temperature variations and a close control for the quiescent point are in demand, we use 

active biasing. The passive bias circuits are economical to construct and can provide satisfactory results if 

we consider the temperature compensation. However automatic compensation at large dc current gain 

variation; can only be attained through active biasing circuits. Furthermore, the operating point stability 

for low noise and high power can be achieved by active biasing circuits. The added complexity and cost 

are the major drawbacks associated with this technique [6].  

Active biasing can be implemented by adding a special function circuit or adding another low frequency 

transistor that would control the dc bias voltage. Active biasing circuit gives more dc bias stability [7].  

There are two topologies for active biasing networks; one for bipolar and the other for FET transistor. It is 

ensured in both the topologies to isolate the active bias transistor from the RF device through a broader 

frequency range. The losses in the RF transistor are prevented through this RF isolation. The low 

frequency isolation is also important to avoid the low frequency oscillation involved within the feedback 

loop formed by both the devices [7].   

2.3.2 Passive Biasing Networks 
The passive biasing or resistive biasing circuits can be applied for good results over reasonable 

temperature variations. There are two types of passive biasing circuits; voltage feedback, voltage 

feedback with constant base current.  



  

Figure 2-3 Voltage Feedback [6] 

 

 

Figure 2-4 Voltage Feedback with Constant Current [6] 

 

Both the topologies are employed at microwave frequencies. The voltage feedback with the constant base 

current usually gives smaller resistive values; that makes it demanding for use in thin or thick film 

technology. If we add a bypass resister is at the emitter of the transistor, its stability is increased, although 

this method is good for stability but it works only at low microwave frequencies [6]. 

Passive Self Biasing Network 
This bias network employees a resistor between the source pin and the ground and another resistor 

between DC supply and drain. The source resistor is applied to raise the voltage above the ground 

connection so a negative VGS is applied without the need of an extra supply in gate terminal. Since one 

DC source is used, it is an advantage for the design. The source pin is bypassed with a capacitor which 

results in losses in gain performance at some of the frequencies [8].  



 

 

Figure 2-5 Self-bias circuit for PHEMT transistors 

 

Since the design is going to be used for the front end of the UWB receiver; so it is essential that the 

number of supplies must be reduced. It is better if the design takes the smallest possible area in order to 

integrate the design and increase its portability because of the smaller size. The best biasing network that 

fits in the design of the low-noise amplifier is the self-biasing network. 

2.4 Stability Analysis 
Stable performance in the desired frequency range is the very first requirement of the amplifier circuit. 

Stability is important when we work with RF circuits, which likely to oscillate depending on the operating 

frequency and the termination condition [10]. The voltage wave along a transmission line best explains 

the phenomenon of oscillation. If  |Γ| > 1, the reflected voltage is increased causing instability. If |Γ | < 1, 

then the return voltage is decreased causing stability [5]. The |Γin| and |Γout| depends on the source and the 

load matching networks, the stability of the amplifier depends on |ΓS | & |ΓL| as defined by the matching 

network.  Thus there are two types of stability. 

Unconditional stability: The network is unconditionally stable if |Γin| < 1 and |Γout| < 1 for all passive 

source and load impedance; |ΓS | & |ΓL|. 

Conditional Stability: The network is conditionally stable if |Γin| < 1 and |Γout| < 1 only for a certain range 

of passive source and load impedance; |ΓS | & |ΓL|. This case is also referred as potentially unstable. The 

stability condition of the amplifier circuit is generally frequency dependent since the input and output 



matching network depends upon the frequency. Thus an amplifier can be stable at its design frequency 

but can be unstable at other frequencies. 

When the amplifier turns into unstable under certain source and load conditions, then it becomes an 

oscillator, no longer remains an amplifier [9]. 

The design of amplifier demands that there must not be any undesired oscillation involved. There are 

several methods proposed by the researches to check the stability of the transistors. The method, we are 

going to follow is called Rollet K factor and µ test that would be implied on the input and the output of 

the network. 

To calculate the stability factor with the s-parameters, we must first calculate the intermediate quantity 

called DS, given by: 

                     > 1 (2.1 ) 

         

The Rollet K factor is then calculated as: 

                                            >1 (2.2 ) 

     

If K is greater than 1, then the device would be unconditionally stable for any combination of the source 

and the load impedances. If the K is less than 1, then the device would be potentially unstable. Here it 

would oscillate for some values of the source and the load impedances. If the value of the stability factor 

K is less than 1, then there are different approaches followed to make the design: 

 We can select another bias point for the transistor 

 We can choose another transistor 

 We can follow some other methods outlined below 

However a different approach is called the µ test, it does not need the above two conditions to be 

evaluated, it rather use a different approach; this test can be done either at input of the amplifier or at the 

output of the amplifier, just replacing the S11 with S22 respectively. The µ test determines that the 

amplifier is unconditionally stable if it meets the equation of the test [7]. 

   



 K= (
              ) –( DS |     | + |      | ) >1 (2.3 ) 

 

The calculation involved in these equations is difficult to handle manually so we prefer to use an EDA 

tool to compute all of it. The entire test performed must be executed within the frequency range of 6-9 

GHz and it must be extended in the edges of the frequency set to avoid any instability limit. 

The varieties of approaches are followed to stabilize a transistor amplifier. The stability can be achieved 

in case of a potentially unstable transistor by making sure that the amplifier terminating impedances are 

always  within the boundaries of the stable regions at all the frequencies as described through the stability 

circles [10]. 

There are two working strategies to circumvent the undesired effects of the instability; through the use of 

the stability circles to find the termination at the input or output where the device is stable or through the 

use of passive stabilization network. 

2.4.1 Stability Circles 
When the Rollet K stability factor points towards the instability of the transistor, it means that for some 

combination of the source or load impedances, there exists some sort of oscillation for the transistor. The 

designer has to be very careful regarding the source and the load impedance values when the K factor for 

the transistor turns out to be less than 1. It does not mean that the transistor cannot be used but it simply 

means that the transistor would be difficult to manage. The best method that has been followed to find out 

which source and the load impedances will turn the transistor unstable, the use of stability circles is 

recommended by using the Smith chart tool or through EDA tool like ADS [11].  

This stability circle is a simple circle on the Smith chart that in actual draw a boundary line between the 

values of the source and load impedance that causes instability and that doesn‟t cause any instability. The 

perimeter of the circle represents the locus of the points that forces K=1. Either inside or outside of the 

circle may determine the unstable region; which is decided after the circles are drawn [11]. The 

stabilization input circle, center and the radius are obtained from the first two equations while the 

stabilization output circle, center and the radius are obtained from the 3rd and the 4th equations [12].The 

location and radii of the input and the output circles can be found as:  

 

 Cs=                               (2.4 ) 



 Rs= 
                          (2.5 ) 

 Cl= 
                                  

 

(2.6)  

 Rl= 
                          (2.7)  

The stability circle approach is best for the narrow band amplifier design because of its delimitation at 

one frequency at the input and the output of the device. It is difficult to use this approach in ultra-wide 

band amplifier design because the stability circle for each of the frequency in the band exists; that would 

become complex.  

 

2.5 Impedance Matching Network for Narrow Band 

In practical engineering solutions, of the narrow band type designs, the passive impedance matching 

network consists of one, two or three parts; most of the time it is two or three parts but not one.  The 

passive network designed on three parts limits the topology constraints but gives more infinitive choices 

for part‟s values [13]. 

Figure 2-6 Unstable regions of a potentially unstable transistor 



Pragmatically, in UWB designs, the matching networks may consist of more than three parts. In realistic 

approach, the passive parts are not considered ideal for the matching networks. The resistive components 

involved always contribute to attenuation. If the number of parts is too many in an impedance matching 

network, then it will cause a serious attenuation to the signal [13]. 

In theoretic approach, the impedance matching network for narrow band can be designed by using the 

resistive components, but it possibly may contribute to the attenuation and noise of the signal if it is 

practically used in the design [13]. 

By and large, in the design of impedance matching networks for narrow band, the inductive and the 

capacitive components are preferred over resistive components. Moreover, the capacitive components are 

favored over inductive. 

2.6 Impedance Matching Network for UWB 
The main challenge of UWB LNA design is to extend the 50 Ω match over a wide bandwidth to get a low 

noise figure and moderate gain as well as the other characteristics. However the noise figure can be 

relaxed to some extent in UWB LNA design as compared to narrow band designs. Because the large 

bandwidth forbid the filtering of interferer, that have a power of the order or greater than the ambient 

noise floor [14].  

2.6.1 L-Matching Network 
The Pi and T network are used for narrow band matching. For impedance matching over a broader range 

of frequencies; the L matching network is mostly and widely used [15]. In principal any impedance can 

be matched to 50 Ω by using lumped component matching. 

 

Figure 2-7 Lumped Element Impedance Matching using L Matching Networks [16] 

 

On smith chart, the series capacitance will move the load anti-clockwise along the constant resistance 

circle while the series inductance will move the load clockwise along the constant resistance circle. The 

shunt capacitance shifts the load anti-clockwise along the constant conductance circle while the shunt 



inductance shifts the load clockwise along the constant conductance circle. The constant conductance and 

the constant reactance are orthogonal. So a very precise combination of capacitance and inductance can 

move any load into the center of the smith chart. In total eight combinations of L matching networks 

exist; one of them can be specifically matched to 50 Ω impedance. Some considerations must be taken 

into account while selecting any of L matching networks to match input impedance. It depends upon the 

values of the components and the ease of applying DC bias. For instance, the network 4 topology can be 

selected for a transistor matching network because DC bias can be applied at the grounded end of the 

inductor and the DC block is doubled through the series capacitor [17].  

2.7 Parasitic Issues in design of LNA 
There are quite a few parasitic that play a very important role in the gain and noise figure of the LNA. 

Some of these issues are discussed here; substrate resistance can be a problem because of the thermal 

noise and coupling. Coupling through the substrate can lower the isolation (S12) of the circuit and the 

maximum stable gain [18].  

The other issue is the bond pad resistance that causes increase in the noise figure due to the lossy silicon 

substrate. The design of electro static discharge at the input is another tricky because of associated losses 

and large capacitance. The interconnect impedance should also be considered in some portions of the 

circuit. As an example, if the line connecting the device base produces significant resistance, it will 

deteriorate the noise figure and the gain. One possibility is that the length of the line should be kept as 

small as possible.  

The noise performance of the bias circuit at lower frequency or the radio frequency also decreases the 

noise performance of the amplifier circuit [19]. 

2.8 RF Transistors  

2.8.1 Field Effect Transistors (i.e. PHMET) 
FETs are monopolar devices unlike BJT, it means that these are one carrier devices , either electrons or 

holes; that carry the current through the channel. It is called a p-channel  FET if only holes contribute and 

a n-channel  FET if only electrons contribute. Moreover, FET can be voltage controlled. The current flow 

from source to drain is controlled by variable electric field through changing the applied voltage on the 

gate electrode [19]. 



 

Figure 2-8 Schematic of FET  [19] 

 

The FETs are classified according to its construction; how we connect the gate electrode to the 

conducting channel. Although there are four types of FETs but in our design we are using Hetro FET 

called PHEMT.  The hetro FET utilizes abrupt transitions between different layers of semiconductor 

materials i.e. GaAlAs to GaAs or GaInAs to GaAlAs interfaces [19]. 

HEMT use the difference in the bandgap energy between the two dissimilar semiconductor materials such 

GaAlAs and GaAs in order to exceed the upper frequency limit of the MESFET and at the same time 

keeping low noise performance and high power rating. The transit frequencies of 100 GHz and above can 

be achieved presently. The high frequency behavior is because of the separation of the carrier electrons 

from the donor sites at the boundary of the doped GaAlAs and undoped GaAs called the quantum wall 

where they are limited to very thin layer about 10nm in which motion is possible parallel to the interface. 

Here comes the function of 2DEG (two dimensional electron gas) or plasma of very high mobility of 

9000 cm2/(V.s), it is a plus point as compared with the GaAs MESFETs with 4500  cm2/(V.s ). The carrier 

density is often specified in terms of surface density because of thin layer, in order of 1012 -1013 cm-2 [19]. 

 The separation of electrons from the ionized donor impurities would result in high mobility and velocity 

of electron at a certain electric field. This sheet of electron acts as the channel of FET and it can be varied 

through the gate voltage. An un-doped spacer layer of 20-60 A usually exits between the buffer and the 

donor layer. The presence of such layer prevents the columbic scattering that is caused because of the 

electrical interaction between the electrons and the donors. The thickness of the layer is adjusted so that it 

can give maximum saturation velocity and mobility. To isolate the adjacent devices, a semi insulating 

material is used as a substrate between them [20].  



 

Figure 2-9 The schematic of Hetro Field Effect Transistor [20] 
 

 

Figure 2-10 The energy band diagram of doped AlGaAs (wide band gap), GaAs (small band gap) and their 
heterostructure and the formation of 2DEG [20] 

 

When a semiconductor is epitaxially deposited on another semiconductor material with the same 

orientation but different physical properties, the atoms of the both sides adjust themselves so that there is 

an interface formation [20]. 

2.8.2 ATF-36163 1.5–18 GHz Surface Mount Pseudomorphic HEMT 
The AVAGO ATF-36163 is a low noise Pseudomorphic HEMT transistor in SOT-363 (SC-70) Package. 

It provides a noise figure of 1 dB at a frequency of 12 GHz and a noise figure of 0.6 dB of at 4 GHz. Its 

maximum available gain is 11 dB at 12 GHz and 17 dB at 4 GHz. It has a low noise resistance which 

makes it less sensitive to noise performance when different input impedance is introduced. This is the 



feature that makes it to be used in broadband low noise amplifier design [21]. The repeated performance 

and consistency of this transistor make it a good choice to be used in the following devices: 

 the 2nd and 3rd stages of cascaded design of amplifier 

 Ku-Band DBS Satellite TV System 

 C-Band TV Receive LNAs 

 Multi Channel, Multi Band Distribution Systems 

 X-Band Radar Detector 

The transistor has a gate length of 0.2 micron and gate width of 200 micron. Its nitride passivation and 

gold based metallization make is a strong and a reliable device. Commercially it is available in lead free 

option, low cost surface mount plastic package, tape and reel packages [21].  

  



Chapter 3 LNA Design  
This chapter is all about the design of the LNA including all the necessary steps involved in the design. 

The design has been made using ADS from Agilent Technologies. The steps taken to design a LNA are 

followed in a hierarchy. the steps involved are;  LNA specifications, the substrate specification, transistor 

selection, then ID/VD characteristic simulation, bias network design, stability analysis, stabilization of the 

transistor, RF choke design, matching network design, the comparison  of the matched and unmatched 

design, comparison between S-parameters and electrical model , layout of LNA, modified layout design 

with 80 Ω RF choke.  

We used ADS from Agilent Technologies to design and implement LNA. The design is divided into two 

major phases; schematic level design and layout level design. On schematic level design; schematic 

capture, simulation type (DC, S-parameters) and simulation setup are involved. The schematic is verified 

through simulation, once verified, it is further used in the later design phase of the LNA as a component. 

Then we optimize the schematic level design and generate layout representation for different components 

of the LNA like input and output matching network, bias network including pads. Finally the RF module 

is designed. All the simulations are performed in Momentum, an electronics simulator in ADS.  

3.1 LNA Specifications 

The LNA is the first stage in the receiver path. The noise figure associated with this circuit will add to the 

overall system according to the Friis‟ formula [22]. 

                                        
  

(3.1) 

 The Friis‟ formula says that the NF is dominated by the first stage.    

 The gain from the first stage of the amplifier in turn reduce the noise figure for the subsequent 

stages..  

Although each individual block of an amplifier has an impact on the overall system performance but it 

does not means that designing each block with the best performance parameters of noise figure, gain and 

stability guarantees us best performance for the whole system design. In practical, the tradeoff always 

exists between different performance parameters. While designing LNA, the lowest value of noise figure 

and higher value of gain is taken into account keeping in mind, the receivers „sensitivity to the LNA‟s 

noise figure and gain [23]. We also know that noise figure is the measure of the degradation of the signal 

to noise ratio at the output of the LNA compared to the input of LNA. The gain is another parameter of 



performance for the LNA.  The amplification of the signal is done in such a way; barely lowering the 

SNR and maintaining the linearity at the same time. The design specification has to be met for specific 

source and load impedance values, maintaining the low power consumption [24]. The LNA designed 

must perform giving following outputs: 

1) Frequency of operation should be met that is 7-8 GHz 

2) The noise figure must be less than 2 dB 

3) The output power gain must be greater than 9 dB 

3.1.1 Substrate Specification 
The properties of the substrate Rogers RO4350B used for LNA design are outlines below: 

 

Table 3-1 Roger RO4350B 

Substrate Property Typical Value (mm) Units 

Dielectric constant 3.66  mm 

Dielectric thickness 0.0254  mm 

Metal conductivity 0.035  mm 

Metal conductivity 5.8 e7  S/m 

Copper roughness 0.001  mm 

Dissipation factor 0.0037  mm 

  

 

3.2 Transistor Selection  
First of all the important thing about the design of the LNA is the selection of an appropriate transistor 

that will be used in the amplifier design. The transistor properties within a frequency interval determine 

the overall noise figure and the power gain performance of the LNA. We studied different transistors and 

the transistor that we have selected is ATF36136 from Avago Technologies [25].The transistor is a 

pseudomorphic high electron mobility (HEMT) transistor for low-noise amplifier application in a surface 

mount plastic package. More details about PHEMT transistor have already been presented in Chapter 2. 

The key characteristics of the transistor are summarized in Table 3-2, for TC = 25 C, Z = 50 Ω, VDS = 2 V, 

IDS = 15 mA. 

 

 



Table 3-2 ATF-36163 typical parameters 

Symbol Parameters and Test Conditions 
(at 4 GHz and12 GHz) 

Typical Values Units 

Fmin minimum noise figure 0.6, 1.0 dB 

Ga associated gain 15.8, 9.4 dB 

Gmax available maximum gain 17.2, 10.9 dB 

P1dB Output power at 1dB compression 

Under the power matched condition 

5, 5 dBm 

VGS Gate to source voltage for IDS=15 mA -0.2 V 

 

3.2.1 The ID/VDS Characteristic - Simulation 
By using the large-signal (electrical) model of the transistor in conjunction with the ADS simulation 

template, the output characteristics of the transistor can be determined. Then, according to the data sheet, 

the biasing point can be identified and the corresponding VGS voltage determined. With this information, 

the bias network can be designed to give the gain and drain voltages and the desired drain current The 

simulation test bench is shown  in Figure 3-1. The output characteristic of the transistor is simulated by 

sweeping the value of VGS and the VDS.  Two voltage supplies are used as the transistor operates in 

depletion mode, the VGS has negative voltage and VDS has positive voltage. 



 

Figure 3-1 Transistor simulation test bench for ID/VDS characteristic using “FET Curve Tracer” 

    

 

Figure 3-2 FET ID/VDS output characteristic: simulation results. 

 

The large-signal transistor model used in the simulation give results in almost same values as given by the 

data sheet.  The selected bias point is VDS = 2 V and IDS = 15 mA at VGS= -0.15 V. We can also conclude 

that the large-signal model transistor model is suitable for low frequency, i-e., for the design of the bias 

network. The expected noise figure  is less than 1 dB and the  power gain is predicted up to 12 dB in the 

frequency band of 7-8 GHz. 

3.3 Bias Network Design 
The low noise figure, high gain, high power, high efficiency is effectively influenced through biasing. 

The dc bias has the following objectives: 
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1) To select an suitable quiescent point 

2) To ensure that it is constant at different variation of parameters as well as temperature 

After selection of the bias (operation) point, values of the biasing components have to be determined to 

give a drain-source voltage VDS = 2 V with a drain current ID = 15 mA. 

In our design, we have used the passive self-biasing network topology, as presented in Section 2.3. The 

bias circuit is shown in Figure 3-3. For a supply voltage of 2.2 V and VGS = -2 V, the current flowing ID is 

almost 15 mA. 

             

Figure 3-3 Bias Network Design: Simulation set-up. 

 

3.4 Stabilization Networks  

3.4.1 Stabilizing a transistor amplifier through resistor  
An alternative approach is to load the amplifier with an additional series or shunt resistor on either the 

load or source side. The resistor is integrated as a part of the two port parameter of the transistor. If the 

unconditional stability for this extended transistor model is achieved, then the optimization for the rest of 

the elements of the circuit can be performed to get the required gain and the bandwidth. 

There are quite a few types of stabilization networks that can be used. There are two stabilization 

networks that cannot be used for an amplifier design because the resistors are used at the input transistor 

port. This adds the thermal noise at the input increasing the overall noise figure of the whole system 



making it inefficient for a low-noise amplifier design. The other two stabilization networks use the 

resistor at the output port of the transistor that increase the overall noise performance of the amplifier but 

it minimizes the gain at all the frequencies compromising the performance of amplifier. But there is a 

trade-off between stability and gain [12]. 

The recommend is to load the output side of the circuit instead of the input side so that the increasing 

noise figure of the amplifier can be reduced [12].  

Another approach is to introduce an external feedback that in turns neutralizes the internal feedback of the 

transistor; the most widely used technique is to use a shunt-shunt feedback transistor [10]. 

The approach used in our design for stabilization is to use a resistor at the load in series with transistor 

and by calculating the value of resistor we have stabilized the transistor. First of all we check the stability 

of the transistor with the generic two s- parameter model using EDA, ADS tool and outlined the results as 

follows.  

3.4.2 Transistor Stability Measurement with Generic Model 
We check the stability of the transistor through generic model of the transistor using two port S-

parameters. 

 

Figure 3-4 Transistor stability simulation set-up in ADS; measurement with generic model 
 

The simulation results are shown in Figure 3-5 for both the stability schematics which show that the K 

factor is less than 1, so the transistor is in unstable state. 



 

Figure 3-5 Transistor stability measurement with generic model simulation results 
 

3.4.3 Transistor Stability Measurement adding a resistor 
Here we have used a resistor at the load of the network for stabilization of the transistor using two ports 

S-parameters. The resistor value is calculated by using the condition  

 

                     (3.9) 

        

 

Figure 3-6 Transistor Stability Measurement adding a resistor 

 

The simulation results are shown in Figure 3-7 for both the stability schematics which show that the K 

factor is greater than 1, so the transistor is in stable state, but f < 3 GHz, k < 1 so the transistor will be 

unstable below 3 GHz. 
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Figure 3-7 Transistor stability measurement adding a resistor simulation-results 

 

3.5 DC Filtering and the RF choke 
The improper filtering of the dc bias results into instability or even oscillation. In active bias networks, 

the instability usually occurs at low frequencies because the bias transistor is a low frequency device 

having no gain at RF. The RF signal and the DC signals co-exist. The amplifier design requires that these 

two types of signals must not interfere with each other. The RF signal must be prevented to enter into the 

biasing network in order to avoid resonances that can weaken/compromise the transistor quiescent point. 

The RF signal can also turn the biasing network into an antenna because of the length of the wires that 

feed the network. 

3.5.1 RF Choke Design  
RF choke is a filter that provides high impedance but at the same time a very low reactance [26]. We use 

microstrip bandstop filters to make a choke because of their ability to maintain a good RF isolation at 

higher frequencies circuits and wideband [27]. The filters named as bias-T network are composed of two 

quarter wavelength transmission lines; one quarter wave length open circuited stub and one quarter wave 

length feed line. The quarter wavelength show different characteristics at their edges. If your network was 

a short circuited stub at the left corner, moving 180 degrees away means adding one quarter wavelength 

will take you to the right corner of the network and it would be an open circuit stub.  The radial stub and 

the butterfly stub can provide broader bandwidth because they are designed to show low impedances, the 

one trade-off associated with them is their larger size as compared with quarter wave length. 

RF Choke Using Radial Stub 
The RF choke is designed using Roger RO4350B substrate, the design is made at the operating frequency 

of 7.5 GHz by using the transmission line with a radial stub, and the lengths and widths are shown in 

Figure 3-8. 
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Figure 3-8 RF choke using radial stub 

 

Layout of the RF-choke 
The layout component of the RF-choke is generated and it is imported in schematic and both the 

simulation results are compared and shown in Figure 3-10 simulation results. 

                       

Figure 3-9 Layout of RF choke using radial stub 

 



      

Figure 3-10 Results of RF choke using radial stub 

 

The results show the comparison of schematic and layout phase of the RF-choke, at 7-8 GHz frequency 

the RF signal is passed and there are no reflections so it is matched at 50 Ω. 

3. 6 LNA Design Methodologies 
In LNA design; it is becomes necessary to make use of models in order to optimize the performance of 

the LNA for minimum noise figure and a high gain. There are different models that can be used in order 

to predict the behavior of the real LNA. The most common model followed is the two port network 

model. This model has the ability to represent the active and passive components of the system easily at 

low or high frequencies. The low frequency lumped models make use of;   the impedance Z, admittance 

Y, hybrid ABCD. The high frequency distributed models are based on S-parameters; transmission and 

reflection coefficients. The high frequency design of the low-noise amplifier can be made using the 

distributed or lumped components methods [19].  

The lumped components model at the circuit level takes into account the electrical parameters of the 

transistor and its small signal equivalent model. The Bode diagrams are used for noise and stability 

measurements for particular topology of the LNA. The input voltage and the current sources characterize 

the noise analysis, being the primary variables of interest. The Z, Y, ABCD parameters are used for two 

port network model of the amplifier [19]. 

The distributed component model uses the S-parameters circuit analysis. The active and passive 

components used at all levels in the design process are treated as two port network model with S-

parameters between the termination if input and the output of the amplifier. The noise, stability and gain 
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analysis are all represented through graphical tool, the Smith chart in terms of their S-parameters. The 

primary concern is stability of the circuit in all the RF and MW circuits. The maximum gain for low noise 

figure can only be achieved if the complex conjugate conditions are satisfied at both the input and the 

output of the amplifier [19]. 

3. 7 Simulation of the Amplifier with Bias Network and no Matching Networks 
We have started the LNA design by using RF-chokes and the dc block capacitors with the selected 

transistor and the transmission lines; the schematic is shown in Figure 3-11. Figure 3-12 describes the 

simulation results of the gain and noise figure at 7-8 GHz, the gain is in the range of 10-11 dB and the 

noise figure is above one and the circuit is not matched so in the next step we will do the input and output 

matching of the LNA design, the required impedance value to match the circuit is 50 Ω and we will match 

for noise figure at input and power at the output.               

 

 

Figure 3-11 UWB LNA design using RF chokes including the DC blocks 

 

The simulation results are shown in figure 3-12, the S (2, 1) graph shows the gain and the nf(2) graph 
shows the noise figure. 

 



 

 

Figure 3-12 Simulation results of UWB LNA design using RF chokes and DC blocks. 

                           

3.8 Impedance Matching Networks 
When a load is connected to a transmission line, it can incur a strong reflection if the impedance of the 

load varies from the characteristic impedance of the line. Here the input matching network comes into 

play; it is inserted between the load and the line to reduce the reflection. This matching network 

transforms the load impedance into input impedance that matches the characteristic‟s line impedance. 

This type of matching is known as one port matching [28].  

The devices that involve two ports like amplifier, filter, multiplier requires matching at both end; input 

matching and output matching. If we consider the design of a transistor amplifier; then we need to match 

the source ZS with characteristic impedance Z0 at the input port as well as the load impedance ZL with the 

characteristic impedance Z0 at the output. The impedances ZS & ZL are obtained from the reflection 

coefficients;   ΓS &  ΓL, looking into the source and the load of the device which are actually complex 

conjugate of the S-parameters; S11
*
 & S22

* for maximum power transfer. The research has figured out 

different methods for designing the impedance matching networks [28], some of the common method 

followed are: 

 Matching Stubs (shunt/series , single/multiple) 

 Quarter-wave transformer (single/multiple) 

 Or the combination of the above methods 
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Figure 3-13 IMN & OMN using two port S-parameters model 

 

3.8.1 MicroStrip Transmission Line Matching 
There are always some parasitic issues associated with the discrete lumped components at higher 

frequency so the distributed components are preferred [29]. We have made the input and output 

transmission line matching networks and the matching impedance value is 50 Ω by using the smith chart 

utility in ADS and calculated the lengths and widths of the transmissions line with the line calculator. The 

NF is matched at input and the power at output. 

 

Figure 3-14 IMN & OMN using Smith Chart Utility 

 

The input and output matching networks are used in the design schematic, the schematic and the 

simulation results are shown in Figure 3-16. Single matching network is used for narrow band and multi-

section matching network for the wide band. 

 



 

Figure 3-15 IMN & OMN using microstrip Transmission Lines 

 

The matching of the LNA is done by using microstrip transmission line matching networks, but we can 

see that when the circuit is matched the gain is around 9-10 dB and is not flat and the noise figure is nf(2) 

is above 1 and NF min is at 0.9 so the desired results are not achieved by this matching network. To get 

the required results another matching network with radial stubs is used and shown in the next step.  

 

 

Figure 3-16 Results of IMN & OMN using microstrip transmission lines 

 

3.9 Matching with Radial Stub using S-Parameter Model 
The approach followed in the design of UWB LNA is based on multi section microstrip input and output 

matching networks. The investigation has been made for flat gain and a low noise figure. The schematic 

of the LNA is modified for the layout and the new matching network is also implemented. S-parameter 

file with results is shown in Figure 3-17: 
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Figure 3-17 UWB low-noise amplifier design with S-Parameter Model 

 

The simulation results of the S-parameter model of the LNA design are shown in Figure 3-18, the gain 

(pink line in graph) is in the range of 10.3- 10.7 dB and the noise figure (blue line in graph) is below 1 dB 

at the frequency 7-8 GHz, and the design is matched at 50 Ω. Here we have a tradeoff that if we increase 

the gain the noise figure will increase and matching will not be maintained, so we have 3 dB gain 

difference from MAG we comprise it for noise figure and to get exact matching.   

 

Figure 3-18 Results of UWB low-noise amplifier design with S-parameter model 

      

6.5 7.0 7.5 8.0 8.56.0 9.0

5

8

11

2

14

freq, GHz

d
B

(S
2

,1
)

6.5 7.0 7.5 8.0 8.56.0 9.0

0.85

0.90

0.95

1.00

1.05

1.10

0.80

1.15

freq, GHz

n
f(

2
)

 

S(2,1) 
Nf2 

NFmin 

MAG 



 

Figure 3-19 Matching Results of UWB low-noise amplifier design with S-parameter model 

 

3. 9.1 Comparison between Matched and Unmatched Design 
The comparison between matching and without matching is shown in figure 3-20 where red line is the 

result for matched network design and the blue line is for unmatched network design. 

 

Figure 3-20 Comparison of matched and unmatched design of UWB LNA 

                                                            

The results are showing a trade off as without matching the gain is more flat but the nf2 is high up to 1.2 

dB and for matched circuit the gain is not exactly flat but the noise figure is below 1 dB touching the 

minimum noise figure mark so and the circuit is also matched so for to maintain the matching and low 

noise figure we compromise on gain. There is also one more thing that the gain is about 2 to 3 dB less 

than MAG in the band of 7-8 GHz frequency but when the gain is raised near to MAG, the noise goes 

higher than 1 dB away from nf(min) and the design does become unmatched from 50 Ω, so decided level 

of gain gives us exact matching at 50 Ω and noise figure less than 1 dB near to minimum noise figure. 
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3. 10 Simulation of the Low-Noise Amplifier Using the Large-Signal Model 
The large-signal (electrical model) of transistor is used in test bench together with the designed bias 

networks and matching networks, as shown in Figure 3-21. The main interest here is to compare the 

simulation results when the two possible transistor models are used.  

 

Figure 3-21 UWB low-noise amplifier design with electrical model 

 

The simulation results are presented in Figure 3-22 where pink line shows the gain and blue line shows 

noise figure in noise. It can be observed that a significant difference exists between the predicted power 

gain and noise figure when the two models are used. The large-signal model of the transistor predicts 

increased gain and reduced noise figure as compared to the data model with S-parameters. 

 

Figure 3-22 Simulation-results of UWB low-noise amplifier design with electrical model 
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Figure 3-23 Matching results of UWB low-noise amplifier design with electrical model 

       

3.10.1 Comparison between S-parameter and Electrical Model Simulation Results 
 

 

Figure 3-24  Comparison between S-parameter model and electrical model: simulation-results of UWB LNA 

 

3.11 Layout of UWB LNA Design 

The layout component of the LNA design is made and is again imported in the schematic diagram the 

transistor and the SMT capacitor, resistors are mounted on the layout component of the LNA and the 

layout design is simulated in ADS. The schematic of layout design of LNA is shown in Figure 3-25. 

There are coupling effects in Figure 3-25, the design is further modified and the coupling effects are 

reduced by increasing the distance between components and using the coupling capacitance. 
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Figure 3-25 UWB LNA design layout 

 

The simulation results of the Layout of LNA design is shown in Figure 3-26, the gain range is from 

10.09-10.62 dB in the frequency range of 7-8 GHz and the noise figure is around 1 dB and the gain is 

almost flat so the final results are close to the desired results. 

 

Figure 3-26 Results of UWB LNA design layout component 

 

3. 12 Design Modified With 80 Ω RF-Choke 
The above explained design is made with the 50 Ω RF-choke. Now we have changed the RF-choke to 80 

Ω and revised the whole design, we have also changed the matching networks to match the LNA at 50 Ω 

and the schematic of the modified LNA design is shown in Figure 3-27. The RF-choke at 80 Ω has less 

width and gives good stability results. 
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3. 12.1 Schematic of LNA with 80 Ω RF-choke 

 

Figure 3-27 Schematic of UWB LNA design with 80 Ω RF-choke 

 

3.12.2 Results of S-Parameter and Electrical Model 
The modified design with 80 Ω RF-choke is simulated with the s-parameter model and the electrical 

model of the transistor, the simulation results are shown in comparison in figure 3-28.  

 

Figure 3-28 Results of UWB LNA design with 80 Ω RF-choke 

 

The results are shown in comparison, red lines are the results of electrical model and the blue lines are for 

s-parameter model. By the results it can be seen that electrical model has high gain 10.116 dB as 

compared to s-parameter model 9.01 dB, the noise figure the electrical model is also good 0.733 dB as 

compared to s-parameter model with 1.096 dB. The results are good and used to make the layout of the 

LNA design. 
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3. 13 Layout Component of LNA with 80 Ω RF-choke 
The layout of the schematic is generated and the component of the LNA design is imported in schematic 

to check the results again to make the PCB of the final design. The schematic with layout component is 

shown in figure 3-29. 

 

Figure 3-29 UWB LNA design layout component 

 

The results of the layout component of LNA are shown in Figure 3-30. 

 

 

Figure 3-30 Results of UWB LNA design layout component 
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The results are almost same as the results generated in schematic phase of the design. The gain for 

electrical model is good as compared s-parameter model and noise figure is also good for electrical 

model. the gain is almost flat from 6 to 8 GHz and the noise figure is almost near to minimum noise 

figure of the transistor i.e. 0.776 dB. The simulation results in figure 3-30 are obtained by using ideal 

grounding of transistor source in layout component, now we will further check the simulation results by 

using via hole grounding in figure 3-32. 

 

3.14 Via Hole Simulation 
 

 

Figure 3-31 Schematic of Via Hole Simulation 

 



  

Figure 3-32 Simulation Results of Via Hole 

 

The input reflection coefficient in figure 3-32 shows that by using the smaller and higher number of via 

holes the input reflection coefficient will be less, this via hole grounding will be used in layout 

component of LNA in figure 3-33. The effects of via hole grounding in LNA are observed futher. 

3.15 Layout Component of LNA with Via hole Grounding 
The source terminal of transistor is grounded using capacitance and inductance with via hole ground, the 

value of capacitors and inductors are swept by using sweep parameters. At different simulation values the 

power gain and noise figure variation will be noticed as shown in Figure 3-34.  
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Figure 3-33 Schematic of LNA Layout Component with Via Hole Grounding 

 

 

Figure 3-34 Simulation Results of LNA Layout Component with Via Hole Grounding 

 

The  LNA layout component with real grounding environment has different results as compared to the 

ideal grounding, at higher simulation values it is observed that the gain rise when the capacitance value is 

increased and the gain is also flat. The parasitics are included in the design to check the effects of 

difference between simulated and measured results.  Furthermore the PCB is manufactured and explained 

in chapter 4. 
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Chapter 4 Printed Circuit Board Manufacturing  
The final stage of the thesis work is to manufacture the PCB. As we have achieved the required results of 

the LNA in the schematic level and at layout level so now we have made the PCB of the same layout 

component which we have made for LNA. For the PCB manufacturing we have made the changes 

required in the layout level.  

The PCB model is made for the design of UWB LNA, first of all we have adjusted the length of 

transmission lines on layout, and we have made the hole for ground plane, adjusted the distances between 

transmission lines and the ground plane according to twice the width of transmission line. The layout 

component simulation of PCB model of LNA is shown in Figure 4-1 and the manufactured PCB model is 

shown in Figure 4-3. The Layout component is simulated in real ground environment to see the losses in 

results. 

 

Figure 4-1 Layout component of PCB design of UWB low-noise amplifier with S-parameter model 

 



 

 

Figure 4-2 Simulation-results of Layout component of PCB design of UWB low-noise amplifier with S-parameter 
model 

4.1 Measurement of LNA 

The PCB component is manufactured and by using vector analyzer the S2P file of the manufactured PCB 
is obtained. The s2p file is then used in ADS to observe the results of generated s2p file.  

                    

Figure 4-3 Schematic of Measurement of LNA 
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Figure 4-4 PCB design of UWB low-noise amplifier with S-parameter model: simulation-results 

 

                                      

Figure 4-5 Manufactured PCB design of UWB low-noise amplifier from S-parameter model 

 

4.2 Measurements of PCB Model in Comparison with Schematic and Layout 
Design: 

On the schematic level, the simulation results present an almost flat power gain of 9-10 dB over a large 

frequency spectrum, as shown in Figure 4-6.  

On layout level, using layout components the gain dropped, but it is still flat with values of S21 of 6 to 7 

dB. However, the manufactured amplifier presents further losses and also a frequency shift as illustrated 
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in Figure 4-6. Losses can be explained by losses through non-ideal contacts (SMA), in transmission line, 

etc.  

A second source of the lower performance of the amplifier might be the poor grounding of the transistor 

terminals, especially the source terminals. As shown in Figure 3-30, the ground of the two-port is an ideal 

ground and thus it does not include the real grounding environment as shown in Figure 3-33. This 

grounding of the two source terminals is added in the simulations in form of layout component, i.e., 

electromagnetically simulated with Momentum. In this way, the parasitic at the source terminals should 

be included in the transistor model and change the optimum values of the impedances towards the source 

and load and the transistor are placed on the PCB board and the measurements are completed on the 

vector analyzer.  

The results are not exactly the same as the schematic or layout component results but they are close and 

the PCB results are also not flat, the range of gain is from 2 to 5 dB in the required frequency band, the 

reason of the high drop in gain of PCB design depends on various things like reflections in transmission 

lines, coupling problem and it is real world implementation so it is different from the simulated results. 

The Simulation results of Schematic, layout and PCB design of LNA are shown in Figure 4-6 and the 

values are compared in table. 

 

Figure 4-6 Simulation-results of UWB LNA design for schematic, layout and PCB 

 

 

 

7.5 8.0 8.57.0 9.0

2

4

6

8

10

0

12

freq, GHz

S
(2

,1
)d

B

Schematic 

Layout    xxx 

Via Hole ooo 

       PCB  *** 



Table 4-1 Comparison between schematic, layout and PCB design of LNA 

No. Frequency (GHz) Schematic Design Layout Comp. PCB Design 

  Gain (S21) dB Gain (S21) dB Gain(S21) dB 

1 7 9.195 6.386 4.358 

2 7.5 9.636 6.574 2.326 

3 8 10.536 6.585 1.601 

                                 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 5 Conclusion 
 

• The ATF36163 was chosen to implement an amplifier for low-noise applications at 7-8 GHz. 

ATF36163 is a PHEMT device from Agilent Technologies that can provide 1 dB noise figure at 

12 GHz with a power gain of 11 dB. The intended application for this amplifier is amplification 

of RF signals around 7.5 GHz with a minimum bandwidth of 500 MHz.  

• The prototype for the amplifier was designed for a board substrate Roger RO4350B 

• The input matching network was designed to provide a good match for low noise figure while the 

output matching network should offer a good power gain. 

• The circuit includes the bias network with RF-chokes operating at 7.5 GHz and has the ability to 

isolate the DC path from RF path over a 7-8 GHz bandwidth.  

• Power requirement is Vsupply = 2 V and the current is ID = 15 mA. The overall size of the RF 

module is 49 mm x 22 mm. 

• Values of biasing components have been chosen to give a drain voltage of  2 V with a current of  

15 mA 

• The PCB is a 0.25 mm thick Rogers RO4350B with εr = 3.66 and with plated via holes of 0.3 mm 

holes. 

The design of the amplifier presented in this work has included different steps, from the bias network 

design for a chosen operation point to the matching network design and prototype manufacturing. 

 The simulation results on schematic level are very close to the minimum and maximum values given in 

the datasheet of the transistor. The power gain is flat over a large frequency bandwidth from 6 GHz to 8.5 

GHz and the noise figure touches the minimum noise figure at 8 GHz. However, the measured power gain 

values present an unexpected difference from the simulated values and also a frequency shift of the 

operation band. 

A first conclusion to improve the amplifier design is to include from the very first step of designing the 

matching networks the grounding environment in form of layout component. In this way, the parasitic at 

the source terminals should be included in the transistor model and change the optimum values of the 

impedances towards the source and load. Problems during the manufacturing process are always added 

and they should be considered when the design approach is chosen. A second conclusion is that a more 



practical design approach to improve the power gain: a bias point with the lowest noise figure in mind 

should be selected and then the amplifier should be matched for maximum power gain. 
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Appendix 

 

The S-parameter data of ATF36163 at different frequencies is shown in the list: 
 

!ATF-36163 

!2V 15mA 

! last updated 11-10-95 

 

 # ghz s ma r 50 

  

 0.50000    0.994  -11.611    4.927  167.826    0.012   79.302    

0.506   -9.183 

 1.00000    0.983  -22.444    4.840  157.245    0.024   71.408    

0.500  -18.009 

 2.00000    0.957  -42.705    4.703  136.704    0.046   55.798    

0.481  -35.117 

 3.00000    0.917  -62.876    4.618  116.548    0.067   40.344    

0.449  -51.830 

 4.00000    0.858  -84.684    4.550   96.033    0.086   23.783    

0.397  -69.177 

 5.00000    0.792 -108.474    4.445   74.753    0.105    6.557    

0.329  -89.624 

 6.00000    0.730 -133.223    4.299   53.323    0.120  -10.393    

0.260 -111.791 

 7.00000    0.648 -160.206    4.042   31.546    0.130  -28.165    

0.167 -136.103 

 8.00000    0.585  173.311    3.813   11.390    0.137  -41.626    

0.086 -171.309 

 9.00000    0.553  140.971    3.571  -10.522    0.144  -56.679    

0.088   92.896 

 10.0000    0.555  106.573    3.247  -32.204    0.145  -72.015    

0.189   50.858 

 11.0000    0.584   74.873    2.855  -53.368    0.139  -86.759    

0.295   27.050 

 12.0000    0.627   49.138    2.512  -73.045    0.130  -99.476    

0.381    8.932 

 13.0000    0.675   25.671    2.174  -92.220    0.116 -111.961    

0.465   -7.312 

 14.0000    0.725    5.820    1.882 -109.628    0.100 -120.756    

0.541  -20.392 

 15.0000    0.783  -10.766    1.626 -127.292    0.085 -129.275    

0.607  -31.459 

 16.0000    0.832  -23.872    1.411 -144.730    0.073 -134.666    

0.656  -41.291 

 17.0000    0.879  -37.506    1.177 -163.555    0.060 -142.756    

0.716  -50.851 

 18.0000    0.914  -51.906    0.913  178.192    0.040 -148.839    

0.778  -63.269 

 



 2.00000    0.48    0.834   27.730    0.372 

 3.00000    0.52    0.744   41.329    0.308 

 4.00000    0.56    0.671   55.509    0.249 

 5.00000    0.61    0.602   70.899    0.191 

 6.00000    0.65    0.546   88.588    0.147 

 7.00000    0.70    0.463  103.669    0.113 

 8.00000    0.76    0.371  118.252    0.093 

 9.00000    0.82    0.307  136.361    0.075 

 10.0000    0.88    0.207  168.264    0.073 

 11.0000    0.95    0.154 -137.245    0.093 

 12.0000    1.03    0.182  -85.058    0.132 

 13.0000    1.12    0.251  -41.334    0.205 

 14.0000    1.23    0.359  -13.128    0.315 

 15.0000    1.35    0.480    6.773    0.438 

 16.0000    1.49    0.576   20.249    0.597 

 17.0000    1.65    0.649   34.463    0.786 

 18.0000    1.86    0.696   51.322    1.103 

 

 

 


